S1. Electron Beam damage and 3D QWRs view
In sample A no protective AlN cap layer has been deposited on the QWRs, which affects their stability under the microscope electron beam (300 keV). Micrographs shown in the manuscript body ( Figure 1) were obtained during the first seconds of exposure. After less than a minute, the QWRs are severely damaged by the electron beam, start to decompose and become amorphous (Figures S1 a) and b) ). The GaN core forms a hexagonal prism section with {1-100} planes (m-planes) as lateral facets, as observed in Fig. S2 . This result is in good agreement with the profile obtained in Figure 2f ) of the manuscript body and also with the results of previous works. [1] S3. 3D view of the QWRs grown on the NW edges (sample F). In Figure 2 of the manuscript body we show the QWRs along the [11-20] axis projection. For a high quality atomic resolution image it is necessary to observe the nanostructures along one of the highsymmetry (low-index) zone axes. However, during imaging of that type, the QWR structures deposited on the NW edges can be overlapped on the STEM projection. Notice that due to the small HAADF-STEM depth of focus (5-10 nm), the atomic resolution is only obtained on one of the QWRs, however visualization of the ones underneath (those overlapped) is hindered. In order to distinguish the different edge QWRs, we have slightly rotated the NW out of the [11-20] zone axis in order to avoid overlapping and give a 3-dimensional (3D) sense of the nanostructure. In Figure S3 , we present this 3D effect, allowing visualizing some of the QWRs otherwise overlapped in Figure 2 of the text body. Also due to the small depth of focus of the HAADF-STEM, [2] the front QWR is observed as a sharp feature (on focus) while the one beneath is out of focus. In Figure S4 we demonstrate the achievement of a single ML QWR. This wire has 1 single GaN plane section, implying the perfect 1-dimensional distribution. Although there is no physical volume for quantum effects, this achievement remarks on one side the lower limits for GaN deposition on the AlN shell edges, as well as the power of the applied detection technique (atomic resolution aberration corrected HAADF-STEM). The visualization of these single Ga atoms is possible due to the high difference in atomic number between Ga (Z= 31) and Al (Z = 13), using Z-contrast imaging (intensity being proportional to Z 2 ).
S4. Diameter modulation: Single ML QWR (sample F).
S5. Strain analysis and direct Polarity determination (sample F). In Figure S5 we have performed a strain analysis of the sample. From HAADF STEM atomic resolution images we have found that AlN is partially relaxed when growing on top on the GaN core (see Figures S5c and 5d for ε xx and ε yy strain components). For a full relaxation, the GaN and AlN (0002) planes (x-axis; ε xx strain component Fig. S5c) should have a mismatch of around 4.4% (bulk), while our calculations show a mean mismatch of 2.9% which gradually increases to the GaN tip up to 4%. In the case of the (1-100) planes (y-axis; ε yy strain component Fig. S5d) , a mismatch of 3.2%
should be expected for full relaxation, however we find an ε yy value of 2.2% with a maximum of 2.5%.
In Figure S5e we show, by means of the newly developed aberration corrected atomic resolution annular bright field (ABF) STEM imaging, the N-face polarity in both the GaN and the AlN shell, as reported elsewhere. [3] In addition, we show a clear misfit dislocation, which allows the observed partial relaxation of the heterostructure.
S6. Beam damage on sample D.

Fig. S6 a-d) Aberration corrected HAADF STEM detail of one of the QWRs NW templates in sample D.
In atomic resolution HAADF STEM images we can appreciate a continuous GaN QWR with a diameter of just 2 {1-100} projected monolayers (also equivalent to 2 {11-20} MLs), and from time to time, the formation of a confined 4 {1-100} projected monolayers quantum dot (QD)-like structures. Due to the beam damage the QWR has been partially evaporated creating discontinuities, allowing at the same time the formation of quantum dot (QD) structures and strain relaxation. are slightly truncated, presenting {11-20} facets (a-planes). This is in good agreement with the projections observed experimentally, as well as with the theory and previous reports. [1] The QWRs would have a triangular prismatic morphology, with external facets corresponding to {1-100} (mplanes), and epitaxed to the NW AlN shell trough a {11-20} facet (a-planes), corresponding to the truncated edges. 
S7. 3D atomic models for different diameter QWRs
S9. Simulation of the influence of the AlN capping layer on the QWR transition energies
Based on the geometric model for QWR growth described in the main text and schematically depicted in the insert of Figure 6b we have calculated the effect of the presence of an AlN capping layer on the QWR transition energies. In particular the effect of the resulting hydrostatic strain exerted by the three-dimensional embedment of the GaN QWR in the AlN matrix was taken into account.
In 
